Abstract: Complexes of Cr(III), Mn(II) and Co(II) with a novel 5,7,12,14-tetraphenyl-1,2,4,8,10,11-hexaazacyclotetradecane-3,9-dione macrocyclic ligand, THTD (L), were synthesized and characterized by elemental analysis, molar conductance and magnetic susceptibility measurements, as well as by mass, 1 H-NMR, IR, electronic and EPR spectral studies. Based on the spectral studies, an octahedral geometry was assigned for the Cr(III), Mn(II) and Co(II) complexes. The ligand and its complexes were screened in vitro against some species of bacteria and plant pathogenic fungi. The metal complexes were found to be more active antimicrobial agents than the free ligand from which they were derived.
INTRODUCTION
Enormous progress has been made in macrocyclic chemistry because of the potential applications of macrocyclic compounds in the area of coordination chemistry. 1, 2 The macrocyclic ligands and their metal complexes play an important role as potential catalysts. Macrocyclic ligands and their transition metal complexes have a wide range of biological activities, [3] [4] [5] [6] [7] [8] [9] [10] including antimicrobial, antifertility, antimalarial, anticancer, antiviral and anti-HIV activities. Such biological activities of these compounds were associated with the formation of chelates with essential metal ions, bonding through N as well as S/O donor atoms. Many of these transition metal ions in living systems play the role of enzymes carriers in a macrocyclic ligand field environment.
1414
CHANDRA and GAUTAM In this paper, the synthesis, spectral characterization and antimicrobial activities of Cr(III), Mn(II) and Co(II) complexeswith a novel hexaazamacrocyclic ligand, THTD (L) (Fig. 1) are described. 
EXPERIMENTAL
All the used chemicals were of AnalaR grade and procured from Sigma-Aldrich. The metal salts were purchased from E. Merck and were used as received. All the used solvents were of standard spectroscopic grade.
Synthesis of the ligand
A hot ethanolic solution (20 mL) of dibenzoylmethane (4.48 g, 0.020 mol) and a hot ethanolic solution (20 mL) of semicarbazide (2.22 g, 0.020 mol) were mixed slowly with constant stirring. The mixture was refluxed at 75 °C for 6 h in the presence of few drops of hydrochloric acid. On cooling, a white solid precipitate formed. It was filtered, washed with cold EtOH and dried under vacuum over P 4 
Physical measurements
The analytical data were obtained using a Carlo-Erba 1106 elemental analyzer. The molar conductance was measured on an ELICO (CM82T) conductivity bridge. The magnetic susceptibility was measured at room temperature on a Gouy balance using CuSO 4 ⋅5H 2 O as the callibrant. Diamagnetic corrections were made using Pascal constants. 11 The electron impact mass spectra were recorded on a TOF MS ES+ mass spectrometer. The 1 H-NMR spectra were recorded on a Hitachi FT-NMR, model R-600 spectrometer using DMF as the solvent. The chemical shifts are given in ppm relative to tetramethylsilane. The IR spectra (in KBr discs) were recorded on a FTIR Spectrum BX-II spectrophotometer. The electronic spectra were COMPLEXES WITH HEXAAZAMACROCYCLE DERIVED FROM SEMICARBAZIDE 1415 recorded in DMF on a Shimadzu UV mini-1240 spectrophotometer. The EPR spectra of the complexes were recorded as polycrystalline samples at room temperature on an E 4 -EPR spectrometer using DPPH as the g-marker.
Antimicrobial screening
The preliminary fungi-toxicity screening of the compounds at different concentrations was performed in vitro by the agar plate technique. [12] [13] [14] The chosen fungi strains were Aspergillus niger, A. glaucus and A. flavus. Chlorothalonil was used as the commercial fungicide. Appropriate quantities of the compounds were mixed in autoclaved and adequately cooled potato dextrose agar medium in order to obtain concentrations of 125 and 250 ppm. The medium was dispensed into sterilized Petri plates. Mycelial discs (0.5 cm in diameter) of the test pathogens were taken from 7 days old culture with the help of a sterilized cork and placed at the centre of the Petri plates. Then, they were incubated at 27 °C until fungal growth in the control plate was almost complete.
The mycelial growth of the fungi (mm) in each Petri plate was measured diametrically and the growth inhibition (I) was calculated using the formula:
where C is the growth of the fungus (mm) in the control plate and T is the growth in the presence of the test compounds. The antibacterial activity of the ligand and its metal complexes were tested using the disc diffusion method 4, [15] [16] [17] [18] [19] [20] against Sarcina lutea (gram-positive) and Escherchia coli (gram-negative). The nutrient agar (NA) medium was prepared using peptone, beef extract, NaCl, agar--agar and distilled water. The NA medium (25 mL) was poured into Petri plates. After solidification, 0.10 mL of test bacteria was spread over the medium using a spreader. The test compounds in measured quantities were dissolved in DMF to obtain concentrations of 125 and 250 ppm of the compounds. Whatmann No. 1 filter paper discs, 5.0 mm in diameter, each containing 1.5 mg cm -1 of the test compounds were placed at 4 equidistant places at a distance of 2 cm from the centre of the inoculated Petri plates. Streptomycin was used as the standard drug. The plates were kept in a refrigerator for 24 h for pre-diffusion. Finally, they were incubated for 28 h at 30 °C. The zone of inhibition was carefully measured in mm. All determinations were made in duplicate for each of the compounds. The average of two independent readings for each compound was recorded.
RESULTS AND DISCUSSION
The analytical data and some physical properties of the complexes are given in Table I . The spectral data are presented in Tables II and III. Based on elemental analyses, the complexes were found to have compositions shown in Table I . The Cr(III) complexes in DMSO showed a molar conductance corresponding to 1:1 electrolytes. Thus, these complexes may be formulated as [Cr(L)X 2 ]X, whereas the complexes of Mn(II) and Co(II) were found to be non-electrolytes and may be formulated as [M(L)X 2 ], where M is Mn(II) or Co(II), and X = Cl -and NO 3 -.
Free ligand
The electron impact mass spectrum of the metal free ligand (L) (Fig. 2) , confirmed the proposed formula by showing the molecular ion peak at m/z 548 (i.e., an atomic mass of 526 corresponding to the macrocyclic moiety (C 32 H 26 N 6 O 2 ) + 23 atomic mass of Na + ). The 1 H-NMR spectrum of the ligand exhibits no signals corresponding to a primary amine and alcoholic protons. The signal at δ 1.76-2.18 ppm may be assigned to (4H, C-CH 2 -C) and the strong triplet at δ 7.89-8.21 ppm to (20H, C-C 6 H 5 ).
Fig. 2. Electron-impact mass spectra of the ligand (L).
The main characteristic strong band in the IR spectrum of the free ligand, appearing at 1597 cm -1 , is due to the >C=N group. The position of this band confirmed the reaction between the primary amine group, -NH 2 , of the diamine and the carbonyl group, >C=O, of the diketone. It also confirmed the elimination of a water molecule and complete condensation. The bands appearing in the region 1662, 1597, 1272 and 785 cm -1 are assignable to amide I ν(C=O), amide II ν((C-N) + δ(N-H)), amide III δ(N-H) and IV ( φ(C=O)), respectively. The bands at 754 and 1461 cm -1 are due to the presence of the phenyl ring in the macrocycle. 21, 22 
Chromium(III) complexes
The Cr(III) complexes showed a magnetic moment in the range 3.72-3.76 μ B . These values are close to the spin-only value, suggesting an octahedral geometry around the Cr(III) ion. 23 The IR spectrum of the Cr(III) nitrate complex shows three bands at 1452 (ν 5 ), 1315 (ν 1 ) and 1066 cm -1 (ν 2 ). The difference of two highest frequency bands (ν 5 -ν 1 ) is 137 cm -1 , which suggests that both the nitrate groups are attached to Cr(III) in a unidentate fashion. However, the presence of the band at 1367 cm -1 suggests that one nitro group is uncoordinated. 24 The electronic spectra of the Cr(III) complexes recorded in DMF (Table II) display three bands in the range 13605-13623, 18621, and 32150-32362 cm -1 . The first two bands may be assigned to the transitions 4 A 2g (F) → 4 T 2g (F) and 4 A 2g (F) → 4 T 1g (F), respectively, and the third band may be due to charge transfer. The EPR spectra of the complexes were recorded as polycrystalline samples at room temperature 25 (Table III) . The EPR spectra of Cr(III) complexes show a broad line and the g value was found to be 1.9493. 
Manganese(II) complexes
The magnetic moments of the Mn(II) complexes lay in the range 5.97-6.00 μ B , corresponding to five unpaired electrons. The IR spectrum of the Mn(II) nitrate complex displays three bands in the region 1404 (ν 5 ), 1294 (ν 1 ) and 1056 cm -1 (ν 2 ). The separation of the two highest frequency bands (ν 5 -ν 1 ) is 110 cm -1 . This suggests that the nitrate group is coordinated to the metal ion in an unidentate manner. 24 The electronic spectra of the Mn(II) complexes (Table II) exhibit four absorption bands in the range 18621, 24198-24272, 28011-28169 and 36900-37453 cm -1 . 26 These bands may be assigned to the transitions 6 A 1g → 4 T 1g ( 4 G), 6 A 1g → 4 E g ( 4 G), 6 A 1g → 4 E g ( 4 D) and 6 A 1g → 4 T 1g ( 4 P), respectively. The EPR spectra were recorded as polycrystalline sample at room temperature. The polycrystalline spectra gave one broad isotropic signal and exhibit g values in the range 1.8726-2.1601.
The ligand field parameter values Dq, B, C and β for Mn(II) were calculated and are given in Table III. 6 A 1g → 4 E g , 4 A 1g ( 4 G) = 10B + 5C 6 A 1g → 4 T 1g ( 4 P) = 17B + 5C
The energies of these transitions are independent of the crystal field splitting and depend only on the parameters B and C. 27 The values of B and C were calculated from the second and third transitions. 28 The numerical value of 786 cm -1 for B for the Mn(II) free ion was used to calculate the value of β.
Cobalt(II) complexes
The Co(II) complexes showed magnetic moments in the range 4.91-5.03 μ B , indicating a hexa-cooordinated octahedral geometry around the Co(II). The IR spectrum of the Co(II) nitrate complex displayed three bands in the region 1448 (ν 5 ), 1309 (ν 1 ) and 1042 cm -1 (ν 2 ). The separation of the two highest frequency bands (ν 5 -ν 1 ) is 139 cm -1 , indicating unidentate coordination of the nitrate group. The electronic spectra of the Co(II) complexes displayed three well-defi-ned bands in the range 10341-10775, 14814-15360 and 18621 cm -1 , corresponding to the 4 T 1g ( 4 F) → 4 T 2g ( 4 F) (ν 1 ), 4 T 1g ( 4 F) → 4 A 2g ( 4 F) (ν 2 ) and 4 T 1g ( 4 F) → 4 T 1g ( 4 P) (ν 3 ) transitions, 29 respectively, characteristic of an octahedral geometry. 30, 31 The EPR spectra of the Co(II) complexes were recorded as polycrystalline samples at liquid nitrogen temperature (LNT), because the rapid spin lattice relaxation of Co(II) broaden the lines at higher temperatures. The g values lie in the range 2.0389-2.1649.
Various ligand field parameters, viz. Dq, B, β and LFSE were calculated and are reported in Table III . The Dq values were evaluated using the Orgel diagram. 32 The value for B(free ion) for Co(II) is 1120 cm -1 . The values of β lie in the range 0.64-0.67, indicating an appreciable covalent character in the complexes.
Based on the above spectral studies, the structures shown in Fig. 3 may be suggested for the complexes. The results of the antifungal and antibacterial activity are given in Tables IV and V, respectively. The antimicrobial screening data show that the metal chelates exhibit a higher inhibitory effect than the free ligand. The increased activity of the metal chelates can be explained based on the chelation theory. 33, 34 The ligand and its metal complexes show fungal growth inhibition in the following order: Co(II) > Mn(II) > Cr(III) ≅ ligand. The bacterial growth inhibitory capacity of the ligand and its metal complexes show the following order: Co(II) > > Mn(II) ≅ Cr(III) > ligand.
CONCLUSIONS
In the present study, a novel 5,7,12,14-tetraphenyl-1,2,4,8,10,11-hexaazacyclotetradecane-3,9-dione macrocyclic ligand, HTTD (L), derived from dibenzoylmethane and semicarbazide, was synthesized. Based on the above-described spectral studies, the ligand was found to be tetradentate and an octahedral geometry was assigned for the Cr(III), Mn(II) and Co(II) complexes. The antimicrobial screening indicated that the metal chelates showed greater inhibitory effects than the metal free ligand. It is also proposed that concentration plays a vital role in increasing the degree of inhibition, i.e., as the activity increased with increasing concentration of the compounds.
окарактерисани елементалном анализом, моларном проводљивошћу и мерењима магнетне сусцептибилности, масеном спектроскопијом, 1 H-NMR, IR, електронским и EPR спектро-скопским проучавањима. На основу спектара, октаедарска геометрија је приписана Cr(III), Mn(II) и Co(II) комплексима. Лиганд и комплекси су тестирани in vitro према неким сојевима бактерија и биљних патогених гљивица. Нађено је да су метални комплекси активнији антимикробни агенси у поређењу са слободним лигандом из кога су изведени. 
